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Repetitérium terminov

= SIRS (systemic inflammatory response
syndrome) = systemovy alterativny zapalovy stav
(cytokinova burka) na neinfekéné alebo infekcné
(ale nepotvrdené) podmienky (napr. akitna
pancreatitida, polytrauma, popaleniny). Sekun-
darnou infekciou v nemocniénom prostredi sa
takmer vidy meni na sepsu.

= Asepticky Sok pri SIRS = hypotezny
hypuerfazny stav pri SIRS

= Sepsa = vazny stav typicky systémovou
infekciou (polytopné metastatické rozSirenie

infekcie z lokusu krvou (septikémia, bakteriémia). |
Oznacuje sa septicky SIRS. Tazka sepsa =sepsa -

komplikovana organovou dysfunkciou alebo
hypoperfuziou tkaniv

= Septicky Sok = hypotenzny stav pocas sepsy
perzistujici napriek vazokontrikcnej a inflznej
lieCbe/ resuscitacii.

= Compensatory anti-inflammatory response
syndrome (CARS) = adaptivna aktivna supresia
imunitnej obrany poCas sepsy.

Primarne
neinfekcéna lézia

Infekény lokus, zapal
znamy patogén
|

{ Bakteriémia

Sekundarna

@ infekcia @

MARS

Organové
zlyhavanie

Mixed antagonist response syndrome (MARS) = siibezné
prejavy prozapalovej i protizapalovej aktivity , SIRS a CARS
ktora nevedie k vzajomnej eliminacii ale neprediktivnej (tzv.
imunitny chaos),

Multiple organ dysfunction syndrome (MODS) = progresivna
dysfunkcia organov, ktora vedie k vzniku Strukturalnej devas-
tacii (dystrofia, nekrozy) a funkcnej deteriracii dolezitych
organov ako koncové vistenie SIRS, resp. sepsy



SIRS

= Definicia: generalizovana akiitna kvazi- zapalova imunologicka odpoved’ s velmi intenzivnou, ale alterovanou,
premrStenou, ¢i dysregulovanou imunitnou regulaciou najma u predisponovanych jedincov (napr. autoimunitné
ochorenia, hypersenzitivita, chronické organické defekty, chronické ochorenia, malignity, polymorbidita), ktora
moZe zacat lokalnym poSkodenim tkaniv alebo bez takého to poSkodenia. Termin vznikol ako ne-infekcna
alternativa k sepse (tato sa spaja so systémovym rozSirenim dokazanej infekcie z primarneho zdroja (napr.
abscesov, nekroz, a pod.), resp. ako proinflamacny laboratorny profil pritomny obvtykle pocas sepsy.

= 11 SIRS nie je nejaka generalizacia lokalneho zapalu. Jedna sa o abnormalnu (intenzitou, resp. dizkou trvania), ne-
protektivnu, nekontrolovatelni autoagresivnu, odpoved, ktora vedie prakticky vZdy k zbytocnému poskodeniu i
zdravych tkaniv a organov.

® Etio: mechanickeé (crush sy.), akitne celotelové radiacné poSkodenie, popaleniny, chemické poskodenie (
poleptania, otravy), biologické (toxiny, vendémy, etc.), organové poskodenie (akitna pankreatitida),
hypoxémia/ischémia, blast sy., inkompatibilna transfiizia

® Lab. data.: excesivna produkcia pro-zapalovych cytokinov IL-1B, TNF«, IL-6, IL11, IL-8, aktivacia masivnej
chemotaxie, fagocytarne;j i killing aktivity, poSkodnie endotelu, presakovanie tekutiny, mikrovaskularna thromboza

= Symptomy : 1. Horiicka > 38C resp. hypotermia < 36 C, 2. Tachykardia > 90 ¢ / min, 3. Hyperventilacia > 20 d/min
,4.PaC0, <4,3 kPa,5.WBC > 12,000 or<4,000x 10°b/L

= Sekundarnou infekciou v nemocniénom prostredi sa takmer vzdy meni na sepsu



Markery prozapalovej protizapalove) odpovede

Prozapalove cytokiny resp. Protizapalové cytokiny resp.
markery markery

IL-18, TNFa, IL-6, IL-11, IFNy, IL-8 IL-4, IL-10, IL-1Ra, TGFp, sTNF-Ra
+ chemokiny

PDGF, GM-CSF, VEGF, IL-7 IL-17, IL-13.IL-11, IL-18BP, SIL- R,
IL-18, EDRF

Prokalcitonin, C-reaktivny protein, PGE,, PGl,
PAF, PGF2a, TXA,

Abb. tumour necrosis factor receptor (STNF-R), IL-1 receptor antagonist (IL-1Ra), transforming
growth factor-B (TFG) , interleukin (IL)



Sepsa ( septicky SIRS)

= Definicia: proces maligneho intravaskularneho zapalu vznikajici ako prejav zlyhania imunitnej obrany (inik
infekcie spod kontroly a jej rozSirenia) a excesivnej vystupnovanej a nekontrolovanej rozSirenej zapalovej agresie
(vedie k nekontrolovanej autodestrukeii zdravého tkaniva)

= PriCiny: kozné infekcie, subdermal indkecie mikkych tkaniv, infekéné zapaly GIT-u, urogenitalny systém,
pneumonie, (bakterialne, atypické,), meningitidy, meningoencefalitidy, iatrogénne nozokomialne infekcie,
rezistencia na ATB (cestou vdychovania, cez kozné rany, vpichy, nasogastrické sondy, mocové katétre, invazivna
diagnostika, therapia.
primarna sepsa - priama bakteriémia (illegilne aborty, puerperalna sepsa).
sekundarna sepsa - post-traumaticky, pyelonephritida peritonitidad, pneumania, thromboflebitida, meningitida
" Prejavy:
(1) Klinicky syndrom SIRS (2 alebo viac z tychto znakov)
Horiicka alebo hypotermia - Tt >38°C alebo < 36°C
Leukocytémia alebo komzupéna leukocytopénia - Leu > 12000/ml, < 4000 ml
Tachykardia - FS > 90c¢/min
Hyperventilacia a respiracna hypokarbémia - FD > 20 d/min alebo PaC02 <32 mm Hg
(2) Naviac 1 zo znakov hypoperfizie a poSkodenia tkaniv
Porucha vedomia (obtundacia, stupor)
Hypoxémia (Pa02 <72 mmHg pri dychani izbového vzdchu a bez plicnych pricin)
Laktozémia , Oligiria (<30 ml/d alebo 0.5 ml/kg/1h)

= Ta7ka sepsa- sepsa spojena so zacinajicim organovych zlyhavanim (cesta k MODS)

= Septicky Sok - sepsa s hypotenziou (STK <90 mm Hg alebo redukcia 40 mm Hg z normy) navzdory stabiizacnej
infiznej normovolémii. Organové zmeny z hypoperfizie (napr. laktatova acidéza, oligiria, obtundacia)



Laboratorne nalezy a markery CARS
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Zmeny expresie povrchovych mol.a sekrecnych prod. leukocytov pocas CARS. U neutrofilov nastava pokles expresie
zapal. cytok. IL1 a TNFa, a ich receptorov ( ale aj protizapal. markerov sSTNF-R, IL1-R), zniZenie excitacie na PARP
cez TLR, utlm chemotaktickej reakcie na chemokiny (CXCR2), utlm fagocytarnej aktivity, Gtlm killing aktiv. (respir.
vzplanutia, enzymov) . Ale zvySuje sa expres. PLA2 a tym prostagl. a leukotriénov. U Mo/Mf radu je pokles
produkcie a reakcie na prozapal. cytok. (IL6, IL1, TNFa,IL8) narast produk. protizapal. markerov (IL-1Ra, sTNF-R) U
lymfocytov nastava dtlm klonalneho pomnozenia antigén -reaktivnych bb., itlm cytokinovej signalizacie, a ich
apoptoticka redukcia/eliminacia.



Compensatory anti-inflammatory response syndrome (8RS)

* Definition: (1996, Roger Bone) immunologicky fenomén systémovej deaktivacie imunitného systému pocas
sepsy; a) produkcia proti-zapalovych mediatorov, napr. sTNF-R, IL10 - suprimuje TNFa), antagonistu IL-1
receptora (IL-1Ra), transforming growth factor-p (TFGp), b) de-aktivacia monocytov, pokles poctu a aktiavie
Mo/Mf, pokles HLA DR(+) monocytov, redukcia tvorby IL-2/IL-4, d) anergia of T lymfocytov, redukcia poCtu T-Ly
apoptozou), e) plazma septickych pacientov ma schopnost inhibovat leukocytarne funkcie, f) anergia na

* CARS poca sepsy moze perzistovat nezavisle of SIRS, t.j. nemusi byt odpoved'ou na SIRS resp. antagonizovat
SIRS, obsahuje odlicny set cytokinov

* SIRS alebo CARS mozu v roznom slede predomonovat u pacienotv could predominate in a given patient, and
although other authors postulated that CARS follows SIRS in a two-wave process, we rather considered that both
events are

* CARS is not a generalized phenomenon that dampens all immune functions, rather an adaptation depending
upon the compartments (i.e. blood vs. tissues)

* CARS as standing againts SIRS should not be viewed in any way as sort of anti-inflammatory therapy, or benefitial
natural anti-inflammatory mechamism; actually, prevailing CARS has same or more detrimental effect as SIRS;
because of immunosuppressive milieu CARS conditions, patient have high susceptibility to nosocomial infections

* Actually sepsis severity is positively correlated with a disproportionate elevation of the anti-inflammatory
response relative to the pro-inflammatory response, a pattern reminiscent of TLR-driven responses.



Mixed anti-inflammatory response syndrome (MARS)

= Mixed antagonist response syndrome (MARS) is more recent concept of not sequential but
contemporary balanced co-existence of both SIRS and CARS. Intensity of both can be measured by
serum inflammatory and anti-inflammatory activities & markers (SIA and SSA) including content of
CD8(+) T and CD72(+) B lymphocytes, concentration of IgG and IgA, the production of IL-2 and IL-4,
IL-10. MARS is used to either designate temporary homeostasis during the transition from SIRS to
CARS or the co-existence of overwhelming inflammation and suppression of innate and
adaptive immunity.

= Based on measures of pro- and anti-inflammatory cytokine production, hyper inflammatory state =
systemic inflammatory response syndrome (SIRS) and hypo-inflammatory state = compensatory
anti-inflammatory response syndrome (CARS) occur in sepsis :

a) concurrently (or visually sequentially), with prevalence of SIRS usually in early stages and
CARS - at the late stage of disease;

b) concurrently (or sequentially) with brief transient peak of hyper inflammatory response and
longer predominance of hypo inflammatory response, i.e. CARS

c) concurrently, with predominance of neither SIRS nor CARS, i.e. balanced MARS.

While overwhelming inflammation may cause organ injury and shock, a prolonged hypo-
inflammatory state may lead to immunosuppression and a failure to clear infection



SIRS
Pacient 1: prevaha
 pro-zapalovej odpovede
s iy e
Rovnovaha § -

' Pacient 2: prevaha -
| CARS letalna odpoved' -

Patient 4: SIRS, MARS &
 prevalentna CARS odpoved' |

CARS

——-—n Smrt’

’ \ Paciént 5: fnténzfvna l.étélna |

SIRS bez CARS

| Paciént 3 inte}?zivna SIRS,
MARS & CARS odpoved
. : e

Uzdravenie

=

N

Nastup 1 2 3 4

Rozny vyvoj septickeho SIRS a CARS resp. MARS
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Multiple organ dysfunction syndrome (MODS)

= Def: formalne sa jedna o kumulujice sa progresivne prejavy zlyhania 2 alebo viacerych organov ako
vysledok nekontrolovanej imunitnej odpovede pri sepse, SIRS alebo CARS. Organova dysfunkcia
obvykle vylstuje do organového zlyhania a smrti (alt. multiple organ failure (MOF), total organ failure
(TOF) or multisystem organ failure (WSOF)).

® Ftio: vylstenie sepsy, tazkej sepsy (septic SIRS) resp. SIRS,

® Primamy MODS - d6sledok znameho poSkodenia; napr. dosledok septického Soku.

= Sekundarny MODS - vyustenie SIRS

= Patogenéza: zakladom su polytopné resp. difuzne mikrovaskularne lézie, tzv. endotelialna dysfun-kcia
resp. poSkodenie endotelu; Pri¢inou je hypoxia/ischémia a lok. acidita, toxicky (bakterialne
endotoxiny, poSkodenie leukocytmi (TNF-alfa, ROS) a pod.;

= Mechanizmy organovej dysfunkcie
polytopné az difizne mikrovaskularne abnormity,
poSkodenie endotelu a prenchymu organov
Hypoxicka hypoxia

Priama cytotoxicita: endotoxin, TNF-alfa, NO - poSkodenie metabolizmu bunky (cytopathicka,
histotoxicka anoxia)

Apoptoza
Immunosupresia



Organoveé prejavy MODS

‘. W ® Pecen
A5 S " N peceriové enzymy (AST, ALT,
/ LDH, ALP

= Gastrointestinalne zlyhanie
Paralyticky ileus (chybaju Crevné
zvuky, intoleruju parenteralnu stravu
Abdominalna distezia, tekuta napn Criev,
hladinky, ascites
Krvacanie z GIT-u rektalne, oralne
Ischemicka kolitida - slizni€. ulceracie
Bakterialne pomnozenie: = unik do cirkulacie
(G(-) bakt.) + toxické, osmotické diarrhea

AN hyperamonémia , N serum transferrin

Zltagka, M sérovy celkovy bilirubin
(hyperbilirubinemia), Hepatomegalia ‘.
" Renalne \

/N serovy Kkreatinin a urea

J— Oliguria, anuria, prerenal azotemia
= Centralny nervovy systém / ;7 5 Akutna tubularna nekréza .
Alterované vedomie consciousness (Stc: \Q{M
Confusion, Lethargy %‘0 = Pulmonalne
Hepatic encephalopathy Acute respiratory distress syndro N

= Gallbladder
Right upper quadrant tenderness or pain
Abdominal distention, Unexplained fever
Decreased bowel sounds

(ARDS) type of respiratory failur
(dyspnea, patchy infiltrates, refracte®
hypoxemia, respiratory acidosis,
abnormal PAO,, PaO, PaCO,
Pulmonary hypertension



Organove prejavy MODS — indexy, nalezy

Kardiovaskularne = Hematologickeé
= Hyperdynamické Thrombocytopénia
N/ pulmonérny ,capillary wedge pressure” (CWP) DIC
N systemova vaskularna rezistencia (SVR)
N pravostranny atrialny tlak (RAP) ® Imunitna deficiencia
/N spotreba kyslika, 1 Frekvencia srdca Infekcie, Immunodefiencie
N Kardialny vyvrh (CO), Kardialny index (ClI), Pokles lymfocytov
= Hypodynamické = Metabolické /Nutriéné
M systemova vaskularna rezistencia (SVR) Pokles vahy, stata svalov
A pravostranny atrialny tlak (RAP) Negativna bilancia dusika
\ spotreby kysika Hyperglykémia

\ cardiac output (CO) and cardiac index (Cl)

Modified from Thelan LA et al: Critical care nursing: diagnosis and management, ed 6, St Louis, 2010, Mosby.



Prejavy MODS

QRCU LATORY FAILURE g, gt

- Bradycardia (HR <50 bpm)
- Hypotension (MAP <50 mmHg)

- Ventricular tachycardia or fibrillation

- Metabolic acidosis (pH <7.2)

Management

- Optimising cardiac preload

- Cardiac contractility (inotropes)
- Maximising perfusion pressures
(vasopressors)

- Correction of anaemia

- Treatment of arrhythmia

HAEMATOLOGICAL FAILURE
- Leucopenia (WCC < 1.10° cells/l)
- Thrombocytopenia ( < 20.10° /)

- Evidence of DIC

Management

- Trasfusion (Ery + Tro)

- Fresh frozen plasma

- Correction of AT Il deficiency

\_

MO

HEPATIC FAILURE
- Coagulation defect
- Rising hepatic enzymes

Management

- Fresh frozen plasma

- Nutritional support

- Correct hypoalbuminaemia

RESPIRATORY FAILURE

- Respiratory rate <5 or >40 b/min
- Hypercapnia (PaCO2 > 6.7 kPa)
- Hypoxaemia

Management

- Oxygen + ventilation

- PEEP or CPAP

- Extra/ intracorporeal gas

~

Acute renal failure

- Urine output < 400 mi/day

- Creatinine (S) > 150 mmol/l
Management

- Conservative measures

- Fluid and potassium restriction
- Drug dose adjustment

- Haemofiltration of dialysis

Gastrointestinal failure
- lleus

- Gastroparesis

- Haemorrhage
Management

- Parenteral nutrition

- Stress ulcer prophylaxis

- Selective gastrointestinal
decontamination

NEUROLOGICAL
- Low consciousness (GCS <6)
- Fits
Management

- Oxygenation

- Control seizures

/




Hypoperfuzny komplex

= Def.: objektivizatné radiolog. nalezy, pri progresivnej
hypotenzii a na dokaz brusnej hypoperfuzie na CT pri MODS

Vaskularne prejavy

Zkolabovana vena cava inf. (VCI): AP priemer < 9mm in 3

nasledujcich obl. 2 cm nad a pod. odstupom renal. vén

“Halo sign”. nizkodenzna zéna (tmava) okolo zkolabovanej VCI (?

extracel. vypotok)

ZmenSenie priesvitu aorty: < 13 mm 2cm nad a pod vstupom a.

renalis; nie je Specif. znak hypoperfuzie

Visceralne prejavy
Abnormalne zvySenie kontrastu, kresby peCene
Priznaky hypoperfuzie sleziny
Peripankreaticky edém (hyperenhancement)
Intenzivne vyjasnenie parenchymu obliCiek
Sokové ¢revo = rozéirené a tekutinou naplnené tenké ¢revo;
bez UCasti hrubého Creva
Bilateralne zvacsnie a zvySenie kresby nadoblicky
(hyperenhancement) = hemoragicky Sok, pankreatitida,

sepsa a trauma ) : :
Zvyraznenie denzity pankresu, obrysu

trevnych k Fuéiek

I .



Hypoperfuzny komplex

Zvyraznenie parenchymu obli  €ky, kolaps v. cava,
zmenSenie priemeru abdominalnej aorty




MODS - repetitorium kinickych a radiograf. prejavov

!Braln en-:iema Acute repiratory Intraabdominal lsclisinic itestngl
ischemia disstres syndrome pressure > 20 mmHg .

> . necrosis

ischemia

Progressive acidosis Liver failure

v
(&
Hypotension,
instability, .
tachycardia, Collapsing of Anuria, Narrowing of the aorta
braducardia vena cava inferior kidney failure

= Hypotenzia, tachykardia, kardialna instabilita, tachyarytmie ev. bradyarytmie; znizena napln aorty, znizena naplf
dolnej dutej Zily, Oliguria az anuria,
= Hyperpnoe, tachypnoe, prejavy podobné ARDS (acute respiratory distress sydnrome), progresivna acidéza

= |schemicka nekroza Criev (radiol. kontury), nafuknuté brucho, zvySeny intraabdominalny tlak, event,.ascites
(tekutina v brus. dutiine)

= Alteracia vedomia (sopor), metabolicka resp. zmieSana acodéza



nizky srdecny vydaj

vysoky periférny vaskuldrny odpor

nizka teplota

nizka hladina bielych krviniek

hypoperfizia

prehlbujl sa

chladna pokozka s pocetnymi Skvrnami
stdle zvySeny pulz a respirdcia ali{przfmqmaj sympatickej s+imu|a‘u'i>

-—b(zvyhj,g sa hlacking ieibecholaminge )

k4

selektivia vasokonstrikeia rendlne], pulmonalnej )

a splanchnicke] cirkuldcie

koagulopatia

multisystémové zlyhanie

v
uvolnia utisujdci{upokejujici)myokardidiny foktor
z pankreatickych buniek

pulmondrny edém

Hzlyh&nie jater a Iedvia

4(naknmpen:omhd hypoxémin)




vysoky srdecny vydaj

nizky periférny vaskularny odpor

d&inkom histaminu,
bradykininom, seretoninu
a endorfinom

znizi Gplne periférny

vazodilatacia vaskulderyy odpor

tachypnoe

vy3Sia priepustnost’ kapildr
presun tekutiny do tkaniv

respiraéna alkaléza

pH sa priblizuje k ulkaléza

skorsie Stadium metabolickej acidézy

vysokd osmotickd zdt'az
ledvin

zvySend diuréza

ke kompenzdcia 1 srdeény vydaj
P katecholaminmi myokardidina kontraktilit:
nizky prehlbujici sa plazmaticky objem

el kompenzdcia nie je dostatoénd
k udrzaniu dostatoéneého tlaku krvi

tkanivovd perfizia sa stdva
neadekvdtna a vylsti k strate
bunkovej energie a zvy3eniu
laktdtovej acidézy

komplement prispeje k poskodeniu vaskuldrneho
endotelu a neutrofilnej agregdcii
koagulopatia _
Hagemanov faktor fibrinovd zdtka
urychli keaguldciu

- ' R T
petechie (i wdd RO )




